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FOREWORD
The program documentation presented herein is a follow-on effort to
hat described in "136 MHz/400 MHz Earth Station Antenna-Noise Temperature
Prediction Program for RAE-B", by Ralph E. Taylor, Joseph J. Fee and M.
Chin, NASA/GSFC Report No. X-752-72-324, September 1972. Sections 1.0 and
2.1 are taken directly from this reference.
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SECTION 1.0
INTRODUCTION
In 1973, the Radio Astronomy Explorer-B (RAE-B)
satellite will be placed in a 1100 km-altitude circular
orbit around the Moon to make radio astronomy measurements..
The purpose of the simulation study described in this
report is to determine the 136 MHz and 400 MHz noise temper-
ature. of the ground network antennas which will track the
RAE-B satellite during data transmission periods. Since the
noise temperature of the antenna effectively sets the Signal-
to-Noise Ratio (SNR) of the received signal, a knowledge of
SNR will be helpful in locating the optimum time windows for
data transmission during low-noise periods.
Antenna-noise temperatures at 136 MHz and 400 MHz will
be predicted for selected earth-based ground stations which
will support RAE-B. Telemetry data acquisition will be at
400 MHz; tracking support at 136 MHz will be provided by the
Goddard Range and Range Rate (RARR) stations.
The antenna-noise temperature predictions will include
the effects of galactic-brightness temperature, the sun, and
the brightest radio stars. Predictions will cover the ten-
month period from March 1, 1973 to December 31, 1973. The
RAE-B mission will be especially susceptible to SNR degrad-
ation during the two eclipses of the Sun occurring in this
period. .
The RAE-B Tracking Antenna Noise Temperature Program
Documentation is to define the operation of the prediction
program in terms of the mathematical operations, input data
requirements and capabilities of. the program.. Many. of. the
I
I
Program Modules utilized weere previously developed for the
Data Quality Prediction Program (DQP) developed under NAS
5-1l736 WMOD 106 and if unchanged, their descriptions are
referenced in that program rather than repeated here. Each
new module or subroutine and any changed routines are fully
documented in Section 3.0 of this report and a flow chart
of the' overall program is presented.
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SECTION 2.0
PROGRAM DESCRIPTION
2.1 DEVELOPMENT OF EQUATIONS
Four sources of antenna-noise temperature are con-
sidered in this study:
-
. i
0
O
Sky-Brightness Temperature
Sun
Radio Stars
Antenna Back Lobe Noise Temperature
Total Antenna-Noise Temperature
The formulation utilized within this program has
been previously utilized in the Data Quality Prediction
Program [1] developed by Wolf Research & Development Corp.
for NASA/GSFC under contract NAS 5-11736 DCN 523-W-70446.
The equations presented in the following are taken. from
References 1 and 2.
a) Sky-Brightness Temperature
Kraus [3] develops the following formulation for
sky brightness temperature
J I ISKY£'f 
0° ' e
°
SKYM
T (0,') G (e,O) sin ea0a0
0=90 ° - 0. t2fI0 g 0 G (0,4) sin Oa-ea
3
where
0 .= elevation angle between antenna's boresight
axis and the horizon, degrees
T(e,~) is the noise temperature distribution of the
galaxy (excluding the sun and predominant
radio stars) obtained from.References 1. and 2.
G(O,) is the lossless antenna gain distribution.
o and -are the orientation angles defining the
position of a radial surface element within
the celestial hemisphere.
Figure 1 shows the physical relationship of the
variables given in the above equations. The double integral
is computed by.rectangular integration assuming that the
antenna boresight is directed at the center of'the Moon's
optical disk. The antenna patterns and brightness tempera-
tures are accessed from magnetic tape storage in the computer
program.
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This program required the use of an accurate radio-sky
map which covers the celestial sphere completely, for both
136 MHz and 400 MHz. Since detailed sky-brightness temperature
contours were not available at these frequencies, it became
necessary to scale either existing radio maps in temperature,
or to generate a composite map from various smaller maps. The
136 MHz and 400 MHi sky-brightness temperature maps, were pre-
pared in this manner.
The 136 MHz radio map was scaled from data at 150 MHz,
published in 1971 by Landecker and Wielebinskli (Reference 4).
The following relationship was used for scaling:
1501 2.4
T136 (1 degs. K.
Reference 5 was utilized for the conversion of galactic
coordinates, employed by Landecker and lielebinski, into the
necessary equatorial coordinates required for this program.
The 400 MHz radio map is a composite map formulated
frcm the sectional maps published in 1962.by Pauliny-Toth
and Shakeshaft (Reference 6), and in 1956 by Droge and Priester
(Reference 7).
b) Sun
The contribution of the sun to the antenna-noise
temperature is given by Berkowitz [8] as:
TSUN = Tb, assuming a >> 
a
6
.where
Os = Angular radio diameter of sun's apparent temper-
ature model, degrees; assume 0s =, 0.66° at 1-36
MHz and 400 MHz.
a Half-power beam width (HPBIY) of symmetrical
antenna main lobe.
Tb = 8 x 105 K for quiet sun ideal model at 136 MHz,
and 6 x 105 K at 400 MHz.
c) Radio Stars
The following equation is used by Taylor '[1,9] to
compute antenna noise power rise due to a point-source radio
star:
M
N* = E
n=l
1
2
G * G() 4P
4ir
D Af0
for a single polarization,
where
M - is the number of radio stars
Do - is the observed radio star noise flux density,
win- D 2Hz 1, constant over bandwidth Af.
7
X - wave length of transmission
Gp - peak antenna power gain, above isotropic
p
G(O)- antenna gain attenuation at angle 0 off-boresight
i.e., G(e)=l for 0 =0.
Note that the antenna-noise temperature is
N:
T, - - degs .. K
where -~ .
-N* = total noise power due to all radio stars.
within the antenna's radiation pattern
--23k = Boltzmann's constant, 1.38x10
- 2 3 J/K
Af = noise bandwidth of receiver, Hz
d) Antenna Back Lobe Temperature
The black-body radiation of the Earth contributes to
the overall antenna-noise temperature by means 'of the back
lobe of the ground antenna. .
Based on Blake's data (Reference 10), the effect of
antenna back lobe temperature, TBACK, is approximated by
adding a constant to the equation for antenna-noise temper-
ature as follows:
136 MHz
400 MHz
T 750 KBACK
TBACK 35OK
e) Total Antenna-Noise Temperature
The total antenna-noise temperature, TTOT, is computed
by summing each of the four contributions.
TTOT TSKY + TSUN + T, + TBACK
Antenna-noise temperature will be maximum at New Moon,
once each month. A higher peak is reached once each year
(December) when the Galactic Nucleus is eclipsed by the Sun,
during New Moon (see Figure 2).
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2.2 PROGRAM LOGIC FLOW
The following logic steps determine the antenna-noise
temperature for each ground antenna which will track the
RAE-B:
· Each station is tested for a visible moon.
· Antenna-noise temperature is computed for
each.station having a visible moon.
* Antenna-noise temperature is recomputed at
periodic time intervals from Moonrise to
Moonset.
The logic of the program will be described by an
overall program flowchart presented in the following:
11
bNO
YES
12
13
SET EARTH
CONSTANT CODE
ECONS = ECONS + 1
(1) SELECT EARTH
ELLIPSOID
(2) LOCATE TRACK-
ING STATIONS
ON SELECTED
GEOID
YES GEGID ECONS
NO
GEOID = ECONS
ELLIP. ECC. = (1-F)
ELLIP, SQ -1-ELLIP.
ECC.
SUBROUTINE
STATIO
SUBROUTINE
HEADIN
SUBROUTINE
DIFF
(ELAPSED SEC. BE-
TWEEN EPOCH AND
START TIME)
' I '
14
ISC = ISCC
ISECN = 0
KOUNT= 1
DAY 11 IDD
ISECO = -INTRVL
INHO = 0
SET DATE FOR ORBIT CALCULATIONS
ANDSET JSECN TO ZERO TO KEEP
TRACK OF PREDICTION TIME INTERVAL
CHECK FOR STOP TIME
CHECK FOR ONE WEEK PASSBY
15
ISECN - IDAY'86400 +
ISEC
16
PLT = KOUNT. EQ. M-M
(PREDICTION PERIOD
EQUALS ONE WEEK,
SET PLOTTING
RESULT)
I = 1 (TO NUMBER
OF STAT.)
(TEST VISIBILITY FOR
EACH STATION AT
EACH TIME POINT)
IYMD =ISTRTY
ISTRTHJSEC = ISTRTH-(1"o0 x 40
ISTRTH
-(10TT x 2400-INTRVL
INHOUR = INHO
INYEAR = ISTRTY/
10000
SUBROUTINE
BASEYR
SUBROUTINE ORBMS
(INITIALIZE R.A
AND DEC. OF SUN)
ISEC = ISECO
IWAVE = LIGHT/
(FREQOxlO
17
18
I
19
LTSATX = LXSAT(J)-
LSTAX(I)
LTSATY = LYSAT(J)-
LSTAY(I)
LTSATZ = LXSAT(J)-
LSTAZ(I)
(FORM EARTH-FIXED
STATION-MOON VECTOR)
SUBROUTINE DOTTED
(DOT PRODUCT OF
STATION'S LOCAL
VERTICAL AND
STATION-MOON
VECTOR
IF IRSINE IS NEGATIVE, MOON IS'BELOW
HORIZON
COMPUTE STATION-MOON UNIT VECTOR
YES
IRSINE = f'SINSQ
IRANGE =VRHOS
LTSATX=LTSATX/I RANG 
LTSATY=LTSATY/IRANG I
LTSATZ=LTSATZ/I RANGE
20
STORE DATA TO THE ARRAY FOR
PRINT'AND PLOT
21
RESET NEW START DATE FOR NEXT
PREDICTION PERIOD
22
23
-SECTION 3.0
PROGRAM DESCRIPTION AND LISTINGS
PROGR.lMI REFERENCE CHART3.1
Name
[MAIN PROGRAMI (ATEMP)
BLOCK DATA
ADDYMD
ANGLE
ARCTAN
BASEYR
CROSSV
DIFF
DI FFTM
DINRAD
DOTTED
EPHEM
HEADIN
MODULO
ORBFIX
ORB MS
OUTPUT
PRTOUT
REVERS
ROTATE
RYMDI
SOURCE
STATIO
TPLOT
Name in (In DOP
the DQP Page Documentation)
DQP A-1
BLOCK DATA #1 A-31
ADDYMD A-47
ANGLE A-51.
ARCTAN A-54
BASEYR A-57
CROSSV A-90
DIFF A-92
DINRAD A-97
DOTTED A-100
MODULO A-111
ORBFIX A-130
REVERS A-187
ROTATE A-190
RYMDI A-193
NOISPIW A-114
STATIO A-207
24
ROUTINES WITH CHIANGES FROM DQP
Name
ATEMIP
BLOCK DATA
SOURCE
Page
27
46
48
Name in
the DQP
DQP
BLOCK DATA #1
NOISPIW
NEW ROUTINE-S
Name
EPHEM
HEADIN
OUTPUT
PRTOUT
TPLOT
Page
55
59
62
64
67
25
Page
A-1
A- 31
A-114
3.2 CO.I: :o: BLOCKS C:ROSS Rll-:il:R.:CE CHIART
'COMMON BLOCKS
2
.. I
''- ,I
,a
2
.J
.2
--
C.-
5;
I--- , - --;·-s ·''II '
LU
2
I-
Lu
0
L.,
uLu
cc
-,
I-
0=
o
;;i
ATEMIP x x x x x x
ADDYMD x
BLOCK DATA x x x x
OIFF x
DIFFTM x
HEADIN x x x x x
ORBFIX x
ORBMS x x
PRTOUT x x x
SOURCE x x x x x x
STATIO x x x
TPLOT x x x x
- - __ - - .. - __ - -
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DESCRIPTIONS OF ROUTINES WITH CIIANGES FROM DQP
I. IDENTIFICATION
A. Name: ATEMP
B. Language: FORTRAN IV
C. Machine: IBM 360
D. Purpose: To predict the RAE-B tracking station
antenna-noise temperature at both 136
megacycle frequency and 400 megacycle
frequency for one week period as well
as ten months period.
E. Common Blocks:
Name
/INERTL/
Variable
ORBELM
THDOT
Dimension I
(6)
(1)
Description
R*8 Input-Inertial.rec-
tangular coordinates
(1--3) and velocities
(4-6) of satellite
in meters and meters
per second respectively
R*8 Output-Rotational
rate of earth in
radians per.second
/RECEV/ INTGTH
INTGPH
MESHRC
/ROTATS/ ITYPE
(1)
(1)
(18732)
(1)
R*4 Input-The orientation
angles increment of
0 (in deg.)
R*4 Input-The orientation
angles increment of
' (in deg.)
1*2 Output-Containing
receiver antenna
gains and sky map
1*4 Output-selected track-
ing system type code
(I=SATAN system, 2=
85-foot dish, 3=40-foot
- dish, 4=16-elemeint yagi
array, 5-=19-element
yagi array)
27
3.3
Pyp e
Variable Dimension
MATRX (21) I*4 Temporary locations
/STAID/ NAME
TYPE
LATD
(7)
(7)
(7)
LATM
LSLAT
LOND
LONM
LSLON
LGAINA
LELMIN
NSTA
LEIGHT
/ORIENT/LHATS
LZHAT
R*8 Output.-Tracking station
identification
1*4 Output-Tracking system type
code
1*4 Output-Degrees of station
geodetic latitude.
1*4 Output-Minute's of station
geodetic. latitude
(7)
(7)
(7)
(7)
(7)
(1)
(1)
(7)
(42)
(3,7)
R*4 Output-Seconds of station
geodetic latitude
1*4 Output-Degrees of station
geodetic longitude
I*4 Output-Minutes of station
geodetic longitude
R*4 Output-Seconds of station
geodetic longitude
R*4 Output-Receiver's peak antenna
gain (dB)
R*4 Output-Minimum observational
altitude angle (deg.)
I*4 Output-Number of tracking
stations
R*4 Output-Topographic height
of stations (meters)
R*4 Input-Local north, east vectors
at.tracking sites
R*4 Input-Station's local zenith
unit vector
1*4 Temporary location
R*4 Output-Selected transmission
wave length (meter)
28
ISUN
I WAVE
(2)
(1)
DescriptionName
, ..-..-.
Name Variable
IBAND
/MIISCEL/ EPOCHY
EPOCHH
INTRVL
ISTRTY
ISTRTH
NUMISAT
LTSATX
LTSATY
LTSATZ
LSTAX
LSTAY
LSTAZ
TA
IRANGE
IRSINE
/NEW/ FREQ
Dimension Type
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(1)
(7)
(7)
(7)
(1)
(1)
(1)
(1)
Description
R*4 Input-Selected transmission
band width (Hz.)
.I*4 Output-Date (year,month,day)
of orbit's epoch (YYIMIDD).
1*4 Output-Time (hour,minute,
second) of orbit's epoch
(HHMI, ,S'S)
1*4 Output-Time interval of orbit
points (seconds)
1*4 Output-Date of start of pre-
dictions (YYMN\IDD)
1*4 Output-Time of start of pre-
-dictions (HHMMSS)
1*4 Output-Satellite sequence
number
'R*4)
R*4
R*4 
R*4)
R* 4
R*4
Input-Station- to-satellite
vector components (meters)
Input-Station's geocentric
coordinates (meters)
R*4 Input-Predicting temperature
R*4 Output-Station-to-satellite
distance (meters)
R*4 Output-Sine of.satellite
elevation angle
1*4 Output-Frequency (MlHlZ)
F. Name List:
Name Variable Dimension
/CONTL/ TAPE21 (1)
Type Description
L Output-Code indicating the
presence of satellite transmitter
.- antenna gains input tape on
unit #21
29
Name Variable
/INTGER/ INTGTH
INTGPH
Dimension
(1)
(1)
Type
R*4
R*4
Description
Output-angular increment
of 8. (deg.)
Output-angular increment
of 0. (deg.)
G. Non-System' Routines Required:
PLOTST, CALCOM, DIFF, BASEYR, STATIO, HEADIN, ROTATE,
ORBMS, ORBFIX, ADDYMD, REVERS, DOTTED, PRTOUT
H. Input/Output Units Required:
Logical Unit Type Data
FT04F001 Disk Input Ephemeris routine
FT05F001 System Input Job control instruction:
input data sets
FTO6F001 System Output Printed data sets
FT23F001. 2400-9 tape Cumulative data
PLOTAPE 2400-9 tape Output for the Calcoiiip
Plotter
FT21F001 2400-9 tape Spacecraft Antenna gains
and-brightness sky tempe
data.
SS,
erature
II. METHOD
This program is divided into four major operational
sections:
1.
2.
3.
4.
Access and storing of control information,
and tracking systems parameters.
Access and storing of moon parameters.
Moon orbit calculations and storing.
Telemetry data predictions and display.
30
d. Temperature for quiet sun ideal model
e. Angular diameter of sun's apparent temperature model
f. Radio stars identification
2. Predicted temperature data
F -
a.
b.
C.
d.
Time of prediction
Predicted temperature
Tracking station
Temperature source
The entire operational sequence described in this section is
repeated for each tracking station, when this is completed,
the process return to section 3 in search for the next tracking
period.
111 . CONSTANTS AND MESSAGES
A. Constants:
Name Value
SPACE 10080
AUNIT 6378166,
6378388.
6378165.
Dimension
(1)
(3)
Description
Storage space reserved for
orbit computations
Equatorial radii of earth
ellipsoids in meters
EUNIT 298.25
297.00
298.30
GMUNIT .0012394454711
,0012394153954
.001239443589
(3)
(3)
Reciprocals of flattening
of earth ellipsoids
Square roots of the products
of the earth's masses and
gravitational constants in
units of (earth radii) exp
3/2 per second
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Value
82,997925X10
Dimension
(1)
Description
Speed of light in meters/
second
.0174532925
TWOPI 6.28518530,72
(1).
(1)
THDOT .729211585648X10 4 (1)
One degree expressed in
radians
2r
Rotation rate of earth in
radian/second
B. Messages:
Message
INVALID INPUT CODE
INPUT TAPE TRANSIMISSION
ERROR
RECEIVER ANTENNA GAINS
TABLE.IS NOT AVAILABLE
FOR STATION XXXXXX
Description
This message is printed when the
tracking system type code, satel-
lite type code, and earth constants
code could not be recognized. The
data set is bypassed.
When the value of control para-
·meter TAPE2! is .TRUE. and read
attempts on logical unit 21 are
unsuccessful, this meeting is
printed and the process is
terminated.
The message is self-explanatory.
Noise power will not be predicted.
32
Name
LI GHT
RD
.'i.
Section 1 and Section 2 are performed only once, while
programexecution returns to the other sections repeatedly for
temperature predictions from various prediction period. In
the following the logical structure of each program section
will be discussed.
'
Section 1
The- major functions of Section 1 are to:
a. Access and process internally stored control
information (select and initialize display
hardware, set up constants).
b. Access and process inputted control data
(initialize input unit of transmitter antenna
gains, store prediction time).
-c. Access, store, and display tracking system
parameters which are:
1. Station identification (6 alphanumeric
characters)
2. Tracking system type codes:
1.= SATAN system
2 = 85-foot dish
3 = 40-foot dish
4 = 16 element Yagi array
5 9 element Yagi array
3. Station's position [geodetic latitude,
longitude (degree, minute, second),
topographic height (meters)]
.33
4. Minimum look angle above horizon (deg.)
5. Receiving antenna gain above isotropic
source (dB)
Section 2
Moon parameters consist of:
1. Identification (6 alphanumeric characters)
2. Keplerian orbital elements:
a. Epoch of elements (Date: year, month,
day; Time: hours, minutes, seconds)
3. Earth constants code:
0: ae = 6378166m, f=1/298.25
1: a = 6378388m, f=1/297.0e
2: a = 6378165m, f=1/298.3
e
4. Transmitter frequency (megacycle/second)
To assure consistency between orbital elements and
station coordinates, tracking station positions are computed
on an ellipsoid model specified by the earth constant code.
Section 3
Substantial time can be saved in computing efforts, by
calculating and storing moon ephemerides for up to one week
-predictions. Using the- JPL ephemeris routine, the inertial
34
orbital positions and velocities are obtained analytically
(subprogram ORBMdS), which are then converted to a geocentric,
Greenwich oriented reference system (subprogram ORBFIX). This
sequence is repeated at each incremented time point returning
to the orbital calculations section of the process. Computer
memory is reserved for the storing of orbits for the period
of one week at 30 minute intervals.
Section 4
Telemetry data is predicted for each tracking site from
a given antenna. Each stored orbital point is tested for
visibility before utilizing it in the prediction process by
forming the scalar product of station's zenith vector and station-
to-moon vector. When the orbital point is above the minimum
look-angle, slant range and transmitter antenna gain are in-
cluded in the predicted temperature. The temperature data is
obtained by calling subprogram SOURCE, and its value reflects
the effect of galactic, solar and major radio stars. The
position of the sun is considered constant within the time of
moon passage consequently, the right ascension and declination
of sun are computed at one hour intervals.
Predicted temperature data in display on the computer
system output unit in printed form, when the predicted time
is equal or more than one week it is also plotted by using
WOLF calcomp plot package. The following items comprise the
printed output:
1. Identification heading
a. Tracking period and interval
b. Transmitter frequency (MNI-Iz)
c. Station identification
35
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I. IDENTIFICATION
A. Name: BLOCK DATA #1
B. Language: FORTRAN IV
C. Machine: IBM 360
D. Purpose: To store alphabetic constants and zonal
harmonics in common block.
METHOD
Not applicable
III. CONSTANTS IN COMMON BLOCKS
Name Variables Dimension Description
/DAYBLK/
/ALMN/
MONTH
MONA
MONT
/ANTNA/ ANTEN
/RECEV/ THINTG
PHINTG
MESHRC
(26)
(12)
(12)
(3)
(1)
-(1872)
(1873.2)
I
I
I
R* 8
R*4 
R*4
1*2
Cummulative days
Name of each month
Cummulative days for each
month
Name of transmitter antenna
system.
Insert constant "zero" to
these positions.
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I. IDENTIFICATION
A. Name: SOURCE
B. Language: FORTRAN IV
C. Machine: IBM 360
D. -Purpose: To compute the Antenna-noise temperature
of a tracking ground station antenna.
E. Calling Sequence: CALL SOURCE (IYMD,JSEC,I,KC)
Name Dimension Type Description
Input-Date (year, month, day) of
spacecraft's passage over a given
station.
Input-Time (seconds) of day at:
passage.
Input-Tracking station sequence
number.
Output-Number indicates the source
of the temperature.
F. Common Blocks:
Name Variable
/ROTATS/ ITYPE
Dimension
1
Type
I
Description
Input-Select tracking
system type code..
ROTATE (3,3)
SQUARE
(1,1)
R
R3
Input-Orientation matrix
of tracking antenna
Input-Vector giving the
direction of polarization-
in the antenna centered
coordinated system.
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IYMD
JSEC
I
KC
(1)
-(1)
(1)
(1)
I
I
I
Name Variable
SQUARE
(1,2)
SKY 4
/RECEV/ THINTG
PHINTG
BLOCK
/ORIENT/ WORDS
ZHAT
SUNDC
SUNRA
WAVEL
BANDW
/STAID/ WORDS2
STAGAN
WORDS3
/MISCEL/ FOUR1
SATX
SATY
SATZ
FOUR2
Dimension Type Description
3 R Input-Vector of polarization
in the earth-fixed topo-
centric system
3 R Input-Projection of vector
of polarization in the
station boresight system.
1 R Input-The orientation
angles increment of 0
(in deg.)
1 R Input-The orientation
angle increment of 0
(in deg.)
18732 I*2 Input-Containing receiver
antenna gains and sky map.
42 R Temporary locations
(3,7) R Input-Station's vertical
unit vector
1 R Input-Declination of sun
1 R Input-Right ascension of
sun
1 R Input-Wavel length of
transmission
1 R Input-Effective receiver
bandwidth
63 R Temporary locations
7 R Input-Receiver antenna
gain above isotropic source.
2 R Temporary locations
6 R Temporary locations
1 R X,y,z components of station-
1 R moon unit vector in the
1 R Greenwich-oriented system.
21 R Temporary locations
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Name Variable Dimension ype -
TEM 1 R
FOUR3
/NEW/ FREQ
2
1
Description
Output-Predicted temperature
R Temporary locations
R Input-Frequency (MHz)
G. Non-System Routines Required:
REVERS, BASEYR, ROTATE, CROSSV, DOTTED, ARCTAN
II. METHOD:
In the computation of total temperature of the moon-to-
earth telemety link, four contributing temperature sources are
considered:
1. Fixed-level source Antenna back lobe temperature
136 MHZ, TBACK = 750 K
400 MHz, TBACK = 350 K
2. Variable-level source -
a) Sky noises' (galaxy)
b) Sun radiation
c) Radio stars
The effects of terrestrial noise sources, the ionosphere
and troposphere are neglected.
Front-end thermal noise is created by the internal heat
supply of electronic components of tracking equipment and it is
50
. f
.,i
thus a function of instrumentation system. Receiver nominal
temperature is therefore a part of tracking station informations.
The variable level sources degrad data quality via noise
temperatures in the antenna main beam and side lobes (Figure 1)
and their values can be predicted. The method of prediction
is presented in Section 2.
III. CONSTANTS AND MESSAGES
A. Constants:
Value Dimension
57.2957795 -(1)
.01745329 (1)
6.283185 (1)
.0397887 (1)
-231.38 x 10 (1)
B. Messages: None
Description
Angular equivalent of 1 radian.
Radian equivalent of 1 degree{-
2w
1/.87
Boltzmann's constant
51
Name
DEGREE
RADIAN
TWOPI
ONE8PI
BOLTZ
o
n
U
.
4
0u
,
00
0 
Z
ell
U
 
a
U
 
t9i
0 
0 47W
V
I
' I 
I
O
a
a
a
a
a
0
0
0
O
O
0
It
C U
 
,
~
')Vw
LU0' 
:l 
.
Z
L
Z 
'
1
i4
0
CL
IX
 l
0a 
a0
j 
v
O
 
L
V
 
a
a
 
z 
L
4 
0 
-
a 
0
a
 
oI 
·
 
C 
LI 
.)
'0 
LU 
3
0
~
 
.
*
 
-
0
ft 
I
*
' 
0Z 
LU
)I 
aL 
o
3
.
7 
0 
0
o
o
 
IL
a
3
 
a
~
 
u
U 
IL
U
L
I- 
-
a 
f
II 
,
 
I
P-(D 
tn 
I 
*. 
-
I, 
¢ 
4 
-
,
v
 
I D
c~
 
~
 
~c 
-
~
 
~
 
~
 
N
 
N
U
 
n
N
 
N
 
N
 
N
 
N
 
N
 
N
 
31 
3' 
31 
31 
'3 
3P 31 
31 
13 
4 
4 
4
~
 4 
4 
a$ 
4 
4
- 4 
4
i V
Ic 33 
3 
a 
a 
a 
a 
a 
a 
a 
a 
a 
at 
a 
ft 
a 
a 
a 
a 
a 
a 
a
 
a 
a 
a 
a2 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a
 
a 
a
. 
a 
a 
a 
a 
a 
0 
a 
a 
a
 
a
C
O
O
O
O
C
O
O
C
O
C
C
C
O
C
O
O
C
O
O
C
O
C
C
C
O
C
C
O
C
O
O
O
Z
C
C
C
C
O
C
O
flC
C
1'~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~'
.
I 
z
~
~
~
~
 
LL 
~
u
t 
~
~
 
u
 
c
 
c
i 
.
'I
>
 
Z 
Z 
r 
( IV
4 
(rV~~~V) 
,
 In 
v
 
a 
O
 Co 
IIC
y
U) CO 
i n 
f l) 
*
C
 
N
 
V) · 
N
 
CW
 
I 
0 
'33 
N
:
M
 
1 
N
' 
;u 
~
 
~
~
 
a L
I' 
.
·
-
·
 
a 
-
o
\ 
·
'tR
b
0
0
 
U
 
N
 
N
 
3-
C 
.N'Z 
0
4
4
 
Z 
.
.C
 
-
3
4 
lao-~Ju- 
.
-
 
I, 
0 
CC
*
 
-
331rO
N
C~ *0
 
7 
3 
m
 
%. 
.
4 
3
a)- 
>
 
7
.7
 
-
-
%
 
Y
Z
 
N
Z 
v
CDO 
W
. 
U
u
 
Lu 
ftV
I
V
-~
~
~
~
 
3
5
 
-
4'
v
 
c 
I 
^ii 
r4 
0 w~i 
i 
0 
0 
c
o
b
E 
r ,U
 
rZ
 Z 
7 
1- 
r- 
4 N 
3
-u
 .-C
 
N
M
i~
~
~
~
~
~
~
~
~
~
~
~
~
LI 
Lu'.* 
LI 
*
 
V
N
r·(r)J 
·
 
J~-~4 
rZN 
V
 
v
 14 
r)- 
·
 
I. 
U
-, 
U
 
U
 
I 
4 
o
 
Z 
y 
c 
c 
·o 
r
V) 
0 
I 
X
 
C. U 
a
 
Z 
7 
a 
a0 
30 
N
 
Z 
Z 
<
 
<
 
0 
-
.
3
7 
.
·
 
V
 U
 
U) 
a
 
L 
+
- 
I 
I 
U
 
3
3
 
I 
n
 
.N
O
-. 
I) 
LU 
In 
-
·q
W
 
II. I-
UI 
_I; 
0 
I 
-4
 
U) 
-1- 
(= 
-
-
-
 
a
 
LU- 
3- 
-
-O 
LI 
3 a 
II 
0 
1 
LI 
I O
 
*
 
4 
3F 
a 
-
-
114 
.
*
 
7 
N
3- 
NC 
.
i-cr 
04
-
-
, 
-
-
 
u
N
Z
O
I*
.3
-0
7
3
.3
 
·I-L
 
C
 
x
 
<0 4 
U
 
4
V
 
C 
.0
3
1
7
3
3
 
*
4
 
3 
Lu 
N
O
 
Z
p
7
 
C 
.
C' 
-
N
 
IL 
C
· 
t4
>
 il 
-W
 
Z) 
L n 
C 
c r 
L 
v
 
^
0
 
a 
a 
Z z 
43t- U
- 
U
 
a 
c
o
o
L
i 
In
a
 
*II 
N
> 
0a 
-
-O
~
4
 
7
0
3
 
3
. 
Z 
LI 
*: 
3
3
. 
.
-
 
.
'
 
*7 
a
: 
V
- 
V
 
)U
 
?1
4
"m
·~
I~
N
N
N
i 
~
C, 
1i~3-C 
L
u
!--- 
afY 
3
.3
-3
3
->
w
 
4 
U
 
U
 
Y
 j 
W
 
Z 
0 
U
c+ 
l rW
 
=
C
 
~
 
I 
r
· 
0
I 
·r
~
·5
ZIrO 
-
V
3
.J
-'- 
0
.. 
.
.
 
3
: 
e 
N
 
N
.
I 
-u
--)-a-0aU
 
v
 
311 U) 
.
.
 
C. 
0
.:
a or 
-3
-7
i 
0
3
1
 
C4 
-
.
 
a 
a
*3C
,- 
*
 
N
 
n
I')
31 
L3 
c
c
<
Z
Z
7
 
Z
4
7
 
Z 
<
L
i 
U
 
U
 
C 
EL 
m
 
a 
4 
V) 
-
-
-
U 
Z 
L
0 
Z I., 
eiuC
7-C
 
, 
Z
U
 
-
J 
4
3
1
 
I 
-
1 
l- 
`
-
 
l
tLI 
1 
-O
 
n
 
30I) -
<
 
<
 
,
 
1 
1
aj 
j0 j*<:-0 
a
U
I~~ZP
'.-W
 
3
-1
N
3
'.-.. 
U
T
-J
 
0
. 
*
 
0
4
 
N
- 
3- 
3-3-C
~~~
C
3 3il 0
o
3
-I 
<
3
3
- 
Z *
u
-
-Q
0U
 
UZ 
4
'. 
u
 
-
c
 
IC
.o
aII
m
 Y
Z
-<
<
i 
.F
 
a
Z
-It 
-314CI-7 
*
 
a 
1, 
4
1
a 
-
-O
 
Ca 
01
*5- 
Z 
Z'7 
*
-
 
c 
C
 
: 
-
30 
0 
4 
'
-
 
w
 
<
 
U
 
.
V
 
<
 
C
 C
:3
 
C
 
0 C
,<
 
1 
*
 
L 
w
 
a
7I 
U 33 3~Lr a 
u
 
U
 
U
 
U
 
U
 
i 
LI 
0 
a 
Z 
,
 
ItY
 
*N
 
.V
4
 
*
 
V
 
a 
a 
U
 
tN
.. 
C
 
a
x
 
x
x
 
x
 
·
 
r
3-313 
*
 
.3
-3
1
3
 
Lu 
3
3
4
0
- 
1
3
7
7
" 
ft7
0
 
I*U
.I 
Z 
IZ 
C
n
3
:' 
C
2
C
' 
t 
0 
U
L
,' 
o
C
L
C
'. 
C' 
C 
' 
t 
, 
IfC
,
7 7
7
 
7 7 
~7!7' 
7 
7 7 
Z 
7 
7 
27 
7 
7 
7 7 
Z 
7 
7 7 
Z 
7
7
7
7
:1
 
I-L 
Ii 
iy 
-
~i r 
;v 
~
 
v
 
~
v
vI :u
 :ci 
n
~
y 
,v lL 
~
v
r.i
II 
I 
II 
II 
%
' 
5 2'
I 
I 
I 
I 
I
I 
z
I 
I
.
.
i
I
Ii
; 
.
! 4
.
I 0,
IiI
I
.i
a
.
iIii
No00
*
 
I
~1
LI 
i 
PU
 
r 
r
I 
I~~~~~~~~~~~
rO~ 
1 
-
4 
-
4 
-
4 
-
4 
-
4 
-
1 
-
4 
-
4 
-
4 
-
C
 
t, 
C 
c 
I 
ur 
C 
P0- 
Ir 
' ? 
C 
C' 
C' 
V
 `
 
CI' C 
' C ' 
C' 0 .
C 
C C 
V 
.C 
C
)9 1 
·
-
 
P ~
 
P, 1'. 
r. 
I, 
I 
9 
f 
eZ 
Z 0 
c 
It C Z Cc 
a
 
cl'C
 
7, 
a- a 
a 
C 
9
r 
C. O
 
r·c· 
·
 
-
-
-
-
-
-
-
U) Li U) U) 
:)D
 
D) 
U) 
D) 
U) 
II :) 
) U) U) 
D
L
 
D
 
D
 
D
 
) 
D
 
nD
 
D
 
U) 
D
 
D
 
) D
 
D
 D
 
":I 
D
--) 
:L--) 
D
-I 7I) 
L
- L
D
 ) LI 
7, 
V 
L
I 
D
 
D
 
U
) 
U) D
 LI 
D
 D
 D) )
O
O
 
O
O
O
O
O
 
D
O
 O
 O
O
 
CC O
 C
 
U
.O
 
-
O
 QO 
O
 
O
G
O
C
O
O
 
c 
c
o
o
o
 
~14
L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I 
Z
.
-
'
;[:
fr 
Z 
a~~~~~~~~~r-
I 
II 
~
~
~I 
.
.
I
'
!
-
C
I 
LI
I
(, 
·
 
>
.I~~ 
~
 i 
LI 
0 
W
 
L) 
t- 
4 
w
 
0
~
~
~
~
~
~
~
~
~
~
~
~
- 
W
I
;f 
-
.
 
LN 
: 
Z
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
 
II 
Z
' 
W
' 
'%
3
:U
3
: 
i 
O
 
: 
'
.
 
I- 
-
~
I-4
 
U) 
¢ 
0. 
I--~
 
0
*
 
' 
] 
'
-
-
 
0
- 
-
a I- 
0
.,0
 
V
I 
-
0 
Z 
' 
Z 
I-
'll~
 
~
 
~
~
.
 
*
0
U
 
*
 
C 
C
-*
 
-N
 
'
"
 
"0II 
I 
I
Li 
1
0
 
0 
w
 
4 
U
) 
-
.
 
C
U
 
cr
a 
I 
-
-
.
D
 
·
 
0 
f lI 
o
Z1 
a
 
-
0 
C-
Z
C
- 
-
I 
-J
 
VI )4 
a
-
 
C
II 
I 
4
IaI 
Z
N
 
W
 
Z~~~ 
j 
m
a
 
I 
: 
-
-
1
2
:1
2
0
 
I-I- 
*L
J 
2
4
-4
 
)L
W
tJ'U
 
~
*
 
1
4
 
0
2
0
 
ft 
.2
*
 
*
 
*
ftI-4
--ftc 
4
1
*
 
.I 
U 
.a
 
a
 
C)0 
UU 
Z 
-
-i- 
4
C
 
I 
-
.1 
0 
_j 
j4O
w
 
-
.
 
*
-
 
III 
-a
0
 
I 
LI)LI) 
-I 
P
r-
II 
U
 
L
L
i 
U
,2
<
 
W
 
! 
I 
C 
n
 
U
 
Z
C
 
m
 
-
O
rg
 
I 
0 
4 
I 
·
 
L, 
a
*
*eW
LJ~~~~~~~~~~~bi~~~~~t' 
rJ
4
-lC
 
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~PP-IILI.U0 
W
ri~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
~
p
J
222*I~~~ 
-
-
-
-
-
-
-
2
. 
*VJII~~~~~~ 1
~
 
1 
Z 
l 
-
-
 
I-.- 
4
U
)
III 
"I 
-
r 
C' L) 
L; 
LL 
1 
,
 
1 
i 
I- 
1- 
V. 
t-4
 
I 
: 
.1 
U
 
Ln 
-
-
-
C
0-0 
·
 
~
 
~
 
Z
-4
 
J 
J
+
V
C
 
2
4
-0
 
iw
,2
J
c
r..-P
:r 
*rr 
-
.
-
.
'4
-* 
rj\
.
~ZZLr 
IP
)i-(. 
r 
4
-p
p
C
4
T
4
C
4
V
P
-p
. 
PPr 
*P
IC
 
0
-.- 
PP 
2-Ce 
rC-4I 
-C
C 
I 
; 
PP 
.2
0
 
I o
 
it 
1 
Z 
LO 
it L
w
a 
U
ItC
. 
a 
C 
i 
It 
U
a 
a
 
it 
u
 
·
 
_I 
II 
in 
Z 
V. 
It 
Z 
V
 
r 
.1 
It 
C. 
7 
-I 
11
.1 1 
I 
I 
LI 1
J
-l 
4
- ~
 ~
 I- 
Pr 
7 
V 
7 
P 
Ir 
Pr 
0I 
Pr 
UJ 
-Y
)w
 
L 
Z 
Z 
Z 
v
 
2 
U
- U
r 
P 
I 
LI 
2 
-I 
4- 
24-L 
Li 
L 
a P 
I-)-4-ft4U
V
U
U
U
)-0-- 
ft?
7
4
-ftC
I0
+
Z
7
7
U
0
 
U
2
0
.IiII.4)5P
P
 
J
Z 
L 
I. i. 
U
i 
L 
L
Iw
 
: 
L 
I 
C 
v
 
<
 
<
 
I 
C
- 
L 
P1 
4 
-
<
V
 
,L
 
i- 
4 
.
U. 
1 4- 
L 
<
 
0 
j 
c 
I 
l 
1' 
-
C 
"
'- 
l'- 
-V 
V) 
v
 
V
 
L; 
V-, 
L". 
to
 L, 
V
r 
i 
i 
I-rI- 
Z 
I 
C 
-
rO
 
n
U
 
=
I 
C
W
 
II 
-
~
~
 
=
IIII 
i 
IIit 
·I 
·
~
 
r 
~IIII 
L 
>
IJ 
~
 I 
I 
LI 
L
t 
I 
I 
~4 
a
=
' 
0 
D
 
C
a
 
a
a
 
U
 
) 
x
0.
O
C
 
,,.
rN 
CY
U
1IC;r,
CL
, 
.
U
v
n
 
a
 
o
 
r 
~
 r 
n
 
a
P
 
s 
6 
(P 
C 
·
 
C 
e
I 
a
 
o
 
a
c
· 
M
 
C
- 
N
 
n
 
'I 
n
 In
N
 
M
 
O
 
N
 
I- 
4 
a 
c 
ID
 
N
 
-
-
 
C 
r 
N 
LI) 
)I, 
N
n
-
.
 
C 
rL
I0
V
a
~
 
I.O
!C
~
r,
O
Q
O
 
~
 
~
 
~
~
~
C
 
O
C
C
S
C
~
P
IC
,4
4
 
N
4
-L
-4
-N
C
6
4
0
'V
C
7
C
I)C
'oC
 
b
O
C
'C
C
'P
 
*
2
2
2
7
7
7
7
7
2
 
r
"
2
7
7
7
 
'7
2
/7
2
7
7
7
2
 
7
7
7
2
'7
'7
2
1
7
7
''7
7
7
7
 
7
=
2
7
7
2
7
7
2
V) v
~
~
~
v
 L1 v
, 
vl 
c 
r 
~
 
~
 
~
 
,c 
i. 
(~ 0'. 
L 
r 
n
v
i 
lo
L
 
lr 
n
i 
n
~
~
v
I 
,
 
~
~
m
v 
~
v
u
 
?L
 
r 
C 
-
-
-
G
aC
.
:~
~
~
~
 
'
I 
i !~
i~
! 
rJ
 
I
I 
,
53
II
I. I Iar 
·
~
IQ d 
9
1IIiI 
.
i
i
i
II
I
iIii..tirii
I
I 
iI
¢ 
¢- 
~
 
¢ 
¢ 
¢ 
C
 
C
 
,I7 
z 
I. 
a
 
: 
C
 
,. 
0 
0 ID 
I 
0 
0 
0 l
!~~~~~~~~~~!
.I~
~
~
~
~
~
~
~
~
~
~
 
I"~~~~ 
.
'.
 
C 
n
 
PI 
IX
I 
m
 
aacaLa 
a
0o 0V. 0 
o
 
0 
wo0v) 
v 
0v1 
¢ 
m
 
o
o
 
,
'
 o
V
 
V
.9
V
'v 
0
v 
.
v
.m
 
/V,) 
tn
 f/: v,'. 
n
w
 vig. Ln fn
W
I 
.
II7 
·
.
W
 I- 
.
·
 
.
I~~~~~~~~~~~~~~~~~~~~ 
' 
<
'"""~
~
"'^""^~
~
" 
"l~
~
~
c--------- 
"
'
 
Z
. 
,
-
-
-
-
.
-
.
-
-
-
.
-
*
.. 
'
a
 
:a 
a
 
cc 
a 
c
o
3
 
a 
c 
~
 
~
 
~
ca
 
a
 
a
 
c 
a
a
 
a
 
a 
a
 
a
 
a
 
a
 
_
 
a
 
a
 
a
 
a
 
-
a 
( 1 
a 
a 
a 
3 
3 
ej ~
 
~
 ~
 
~
 
~
 
~
 
~
 
~
 
~
 
~
 
0
4 
LLU
4
i
,
'
 
W
'~
~
~
~
~
~
·
 
f
z 
-
.1
i 
~
 
~
 
"
 
;-
Ih
A
 
L' 
=
:Z 
~
 
~
 
~
 
~
 
~
 
~
 
~
 
~
 
~
 
LZ 
N
'
izi 
i
.
0 
W
 
0
. 
z 
-
iuLi
·
 
~
 
3E 
~: 
.
.
~
 
e' 
Z 
N
-t 
, 
*
 
z
I -
a
I 
-! 
Ai 
0
(A 
I. 
.
.IC 
L
.
.
 
<
 
=
 
i
AO 
~
<
+
- 
I t
-i: K
 
-<
 
-!
N
 
Z 
: 
4 
.
2-I.- 
v 
.
; 
C 
m
 
t.. 
,
 
¢ 
¢ 
¢.] 
o
 
-a 
L 
.
q 
L. 
N
 
t* 
I.- 
I. 
0 
' 
zC
 
-
-
-
-
 
<
 
:'
C~ y 
U
 
iL
. 
t-yI
6, 7 
0 L
ezI 
C 
N
 
-
I
EelL 
,
 
.
.
.
 
C
f''-J
A-C. 
; 
C 
O
 
C 
C
. 
C 
-
:. 
I 
' 
: 
i 
: 
.
:.
*I U
O
 
(A
A
27-< 
a
r2
r- 
0 
C
 4 
*
 
A
O
. 
a 
4+
*IZ~ZZ 
O
(A
A
lIU
~IU
 
U
-. 
A
, 
'a
.<
 
-
-llr.12 
A 
-U
. 
lC
"M
o
1
 
'C
, 
,
 
';U
ll) 
q 
(. 
.U
. 
v
 
.
: 
-a.I 
;
'-r 
-
( 
*(, 
'; 
C
. 
: 
':
 
-CZ2- 
'
.
 
$( 
-
Z
I- 
I 
ZZ 
l 
I 
I~~II 
~
 
0 
I 
*V
 
l 
A 
0 
I 
C 
(,A
p 
I(A
l 
.<
 
~
 
a
. 
C 
.<
 
,
 
7 
I 
l 
a
 
w
 
a
 
-
a
 
*
 
x 
~
 
~
 
IZ
 
*
 
I.~
~
""" 
0
: 
.
0" 
:N
Z
cro
v
c 
U
 
~
 
.r 
-
A
-~
 
A
 
~
.
 
·
-
·
 
·
I 
~
o
~
-o
 
c 
~
~
e
 
I 
*
 
j 
I
4 
I. 
V. 
>
 
c; 
-: 
.
.
 
54. 
.j 
.) 
r 
lr 
*
*r 
:)·Z
~ 
IC
 
I
CC 
3 
U' J 
Z LL. 
-J V1 
~
 
~
IIIIiiIIIIIIiI .Ii.Ii
DESCRIPTIONS OF NEW ROUTINES
IDENTIFICATION
A. Name:
B. Language:
C. Machine:
D. Purpose:
FORTRAN IV
IBM 360
1) Read Lunar & Solar Ephemerides and
Nutation in Right Ascension and the
Lunar Libration Matrix.
2) Interpolate the Data Using Fifth
Order Everett Scheme.
E. Calling Sequence
Dimension
(1)
(24)
(1)
Type
R*8
R*8
1*4
e: CALL EPHEM (TSEC, AO, IYMDE,
IHME, SECE)
Description
Input-Time at which data is desired
in days from Jan 0,0 of the reference
year for the ARC in seconds.
Output-i) If 'ONLyEQ' is true;
AO (1) = Nutation.
2) If 'ONLYEQ' is false;
AO(1)-AO(3) - Unit vector
to moon in
true of date
coordinates.
AO(4) - Range to moon in
meters.
AO(5)-AO(7) - Unit vector
to sun in
true of date
coordinates.
AO(8) - Range to sun in
meters.
AO(9) - Nutation.
Input-Year, month and day of Epoch
time
55
I.
EPHEM
Name
TSEC
AO
IYMDE
3.4
Name Dimension Type
(1) 1*4
(1) 1*4
Description
Input-Hour and minutes of Epoch
time
Input-Seconds of Epoch time
F. Common Blocks: None
G. Non-System Routines Required: DIFFTM
H. References: 'NONAMIE
Vol. I
SYSTEMS DESCRIPTION'
Sec. 2.3.5, 2.4
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I. IDENTIFICATION
A. Name: ItlEADIN
B. Language:
C. Machine:
D. Purpose:
FORTRAN IV
IBIM 360
To print the program identification page,
tracking stations list and radio stars list.
E. Calling Sequence: CALL HEADIN (ISTRTY, ISTRTH,
ISTOPY, ISTOPH', INTRVL)
Name. Dimension Type Description
ISTRTY
ISTRTH
ISTOPY
ISTOPH
INTRVL
F.
Name
(1
(1
(2
(2
(i
1) I*4 Input-Date (year, month,. day)
of the predicted start.
1) I*4 Input-Date (hour, minute, second)
of the predicted start.
1) . I*4 Input-Date (year, month, day)
of the predicted stop.
1) I*4 Input-Date (hour, minute, second)
of the predicted stop.
1) 1*4 Input-Tracking interval (seconds)
Common Blocks:
Variable Dimension
/ALMN/ MONA
MONT
/STAID/
/NEWV/
(12)
(12)
1*4
I*4
Description
Input-Name of each month
Input-Cummulative days of
one year.
see main routine ATEMP
FREQ (1) I*4 Input-Frequency of satellite
.... ... transmitter .(MH-z)
59
Name Variable Dimension
/ANTNA/ ANTEN (3)
Type
R*8
Description
Input-Tracking system type
name.
G. Non-System Routines Required: RYMDI
-I
60
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IDENTIFICATION
A. Name: OUTPUT
B. Language: FORTRAN IV
C. Machine: IBM 360
D. Purpose: To print out the predicted antenna-noise
temperature results.
E. Calling Sequence: CALL OUTPUT (TSEC, NAME, TA,
KC, TIME)
Dimension Type Description
(1) 1*4 Input-Total seconds from starting
time.
(1) R*8 Input-Name of tracking station.
(1) R*4 Input-Predicted temperature.
(1)· 1*4 Input-Number indicate the temperature
sources.
(1) I*1 Input-"TRUE", print out the predicted
time
"FALSE", the predicted time
is not printed out.
F. Common Block: None
G. Non-System Routines Required: None
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I.
Name
TSEC
NAME
TA
KC
TIME
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I. IDENTIFICATION
A. Name: PRTOUT
B. Language: FORTRAN IV
C. Machine: IBM 360
D. Purpose: To arrange the predicted antenna-noise
temperature results for print and plot.
E. Calling Sequence: CALL PRTOUT (TARY, KARY, NSTA,
PLT, K1)
Dimension
(336,7)
(336,-7)
(1)
(1)
(1)
Type
R*4
1*2
1*4
L*1
1*4
Description
Input-Array stored the predicted
temperatures of each stations.
Input-Indicate the temperature
sources.
Input-Number of tracking ground
stations.
Input-"TRUE", plot the results.
"FALSE", no plot output.
Input-Tracking frequency within
a tracking period.
F. Common Block
Name Variable
/STAID/ NAME
Dimension Type
(7) R*8
Description
Input-Name of the tracking
stations.
Input-Tracking system type
code.
/MISCEL/ EPOCHY (1) 1*4 Input-Date (year, month, day)
of orbit's epoch
64
Name
TARY
KARY
NSTA
PLT
K1
TYPE (7) 1*4
NW.'r: e Variable Dimension
- lPOCIlI
/AJ.1N/ · AION A
,MONT
(1')
(12)
(12)
Type
1*4
I*4
1*4
G. Non-System Routines Requi
Description
Input-Date (hour, minute,
second) of orbit's epoch.
Input-Name of each month,
(4 characters)'
Input-Cummulative days of
a year.
red: RYMIDI, OUTPUT, TPLOT
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I. IDENTIFICATION
A. Name: TPLOT
B. Language: FORTRAN IV
C. Machine: IBM 360
D. Purpose: To plot the predicted Antenna-noise
temperature on the Calcomp plotter.
E. Calling Sequence: CALL PLOT (LOLD, LNEW, IODAY,
IDAY, INTRVL, N, TARY)
Name Dimension
LOLD
LNEW
IODAY
IDAY
INTRVL
N
(1)
(1)
(1)
(1)
(1)
(1)
TARY (1)
Type
I
I.
Description
Input-Month of the starting date
of predicted period.
Input-Month of the end date of
predicted period.
I : Input-Day of the starting date.
I
I
I
I
Input-Day of the end date.
Input-Tracking interval (seconds).
Input-Number of the tracking
stations.
Input-Predicted temperature data
array to be plot.
F. Common Blocks:
Name
/ALMN /
Variable Dimension
MbONA
MONT
/STAID/ NAME
. . . .
12
12
(7)
Typ e
I
I
R*8
Description
Input-Name of each month
Input-Cummulative days of
e'ach month
Input-Tracking station
identification
'67
Name Variable
TYPE
LATD
LATM
LSLAT
LOND
LONM
LSLONG
LGAINA
LELMIN
/ANTNA/
/NEW/
NSTA
ANTEN
FREQ
Dimension
(7)
(7)
(7)
(7)
(7)
(7)
(7)
(7)
(1)
(1)
(3)
(1)
Type
1*4
1*4
R*4
I*4
I*4
I*4
R*4
R*4
I*4
R*8
!*4
Description
Input-Tracking antenna
type code.
Input-Degrees, Minutes
and seconds of station's
geodetic latitude.
Input Degreees, Minutes
and Seconds of station's
geodetic longitude.
Input-Receiver's peak
antenna gain (dB)
Input-Minimum observation
altitude angle (dleg.)
Input-Number of tracking
stations
Tracking afitenna type.
Transmitter frequency
(megacycles/second)
G. Non-System Routines Required:
Name Entry Point
CALCOMP FRMADV
EDIT EDIT
GRID GRID, SETGRD, PLOT
HORLIN HORLIN, VERLIN
PLOST PLOST, ENDPLT
III. METHOD
Subroutine TPLOT utilizes a plot package developed by
WOLF Research and Development Corporation. Hardware options
for plotted output include the CALCOMP plotter or computer
printer, or both.
· . . . . , . .
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The CALCOMP plotter is specified in the main program
and plotted output with associated plotter commands are stored
on a 7-track magnetic tape, mounted on logical unit PLOTAPE.
Predicted telemetry data were stored in TARY. The
predicted time array corresponding to predicted telemetry
data were stored in XARY.
The following operations are performed by subroutine
TARY in producing predicted data plots:
1. Conversion of prediction time (seconds) of each
plotted value to the zero hour reference frame
of the first plotted point, when a pass extends
beyond a day.
2. Determination of the density of vertical grid
lines from the time length of predicted period.
3. Conversion of time to days.
4. Determination of the density of horizontal grid
lines from the maximum-and minimum plotted value.
5. Identification of plot frame.
6. Plotting of antenna-noise temperature.
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